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MULTI-CHIP ASSEMBLY HAVING A HEAT 
SINK AND METHOD THEREOF 

FIELD OF THE INVENTION 

The present invention relates generally to the use of heat 
sinks, and more speci?cally to multi-chip module integrated 
circuits using heat sinks. 

BACKGROUND OF THE INVENTION 

As integrated circuits increase in speed, the necessity to 
remove heat from these devices becomes increasingly 
important to assure proper operation. The use of heat sinks 
to dissipate heat from integrated circuits is Well knoWn, 
hoWever, as advances in semiconductor technology results 
in increased speed and reduced chip siZe, the problems 
associated With the use of heat sinks can compound. 

For example, one trend With modern integrated circuits is 
to use multi-chip modules. Multi-chip modules (MCM) 
attach multiple integrated circuits to a single substrate in 
order to save space and alloW for user upgrades. One 
solution for dissipating heat from a MCM has been to attach 
heat sinks using an epoxy based adhesive. A problem With 
the use of epoxy based adhesives is that the permanent 
characteristics of the epoxy limit traceability of individual 
integrated circuits by lot markings on the top of the device. 
As a result, the tracking of failures and failure mechanisms 
in the production of MCMs products becomes difficult. 

Another problem With the use of epoxy based methods is 
that the use of such adhesive processes is costly, speci?cally 
because of long oven cure times. Generally, 2 to 24 of cure 
time is needed to attach a heat sink to a integrated circuit 
When using an epoxy based adhesive. 

Yet another problem associated With the use of epoxy 
attach methods is the mismatch of thermal coefficients of 
expansions (TCE) betWeen the heat sink, the integrated 
circuit, and the underlying substrate. As a result of the 
mismatched TCEs, it is possible for a heat sink or integrated 
circuit to delaminate from the epoxy/glue. 

Therefore, it Would be desirable to identify a method and 
apparatus that overcomes these problems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exploded isometric vieW of a multi 
chip assembly using a heat sink; 

FIG. 2 illustrates a collapsed vieW of FIG. 1; 

FIG. 3 illustrates a detailed vieW of a portion of the clip 
of FIG. 1; 

FIG. 4 illustrates yet another embodiment of the clip of 
FIG. 1; and 

FIG. 5 illustrates a How diagram of a method of reWorking 
the multi-chip assembly depicted in FIGS. 1 and 2. 

It should be understood that the ?gures are not necessarily 
draWn to scale and that variations, betWeen dimensions and 
relationships of the components, can occur. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a multi-chip assembly 100 Which 
includes a clip 110, heat sinks 120, 122, and an assembly 
substrate 140 to Which integrated circuit devices 124, 126, 
128, and 130 are attached. 

The integrated circuits 124, 126, 128, and 130 are 
attached to the assembly substrate 140 using a conventional 
solder re?oW process. The speci?c integrated circuits 
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2 
124—130 can comprise any package type including, but not 
limited to, plastic packages, ceramic packages, ball grid 
arrays (BGA), ?ip-chip ball grid arrays (FC-BGA), ?ip-chip 
devices, and chip scale package devices. 
The assembly substrate 140 also has recessed regions 142 

Which are edge clamp notches 142 used to position the clip 
110 onto the assembly substrate 140. In the speci?c embodi 
ment shoWn, the edge clamp notches 142 are illustrated as 
being on the non-connector side of the multi-chip assembly. 
HoWever, in other embodiments it Would be possible to have 
a connector Which Would accommodate the edge clamp 
notches 142 on the connector sides or on all four sides. The 
use of edge clamp notches 142 represents an advantage over 
the prior art in that the edge clamp notches require a minimal 
amount of assembly substrate 140 space, therefore, it is 
possible to maintain high density routing Within the assem 
bly substrate 140. In other embodiments, it is possible to 
have a single edge clamp 112 and, thus, a single edge clamp 
notch. 

Next in the assembly process, a thermal medium 144 is 
placed upon each of the integrated circuits 124—130. The 
thermal medium 144 can also be placed upon the underside 
of the heat sinks 120 and 122 or on top of the individual 
integrated circuits. In operation, the thermal medium 144 
operates to form a reliable thermal contact betWeen the 
integrated circuits and the heat sinks 120 and 122. The 
amount of thermal medium applied Will be determined, 
based upon the coplanarity of the integrated circuits 
124—130. For instance, if the assembly process can guaran 
tee a coplanarity betWeen the integrated circuits 124—130 
upon the assembly substrate 140 of 254 microns, then a 
thermal medium 144 thickness of at least 254 microns is 
necessary to assure appropriate contact betWeen the heat 
sinks 120, 122 and the underline integrated circuits 
124—130. 

Any number of appropriate thermal medium can be used. 
Examples Would include thermal grease, such as Wake?eld 
“120” thermal grease or thermal tape such as Chomerics 
“Thermattach T410” tape thermal interface material. It is 
preferred that the characteristics of the thermal medium do 
not break doWn over time, thereby ensuring proper cooling 
of integrated circuits 124—130. 

Heat sinks 120 and 122 are then placed in contact With the 
integrated circuits 124—130. Their contact With the inte 
grated circuits 124—130 through the thermal medium 144 
assures the ability of the multi-chip assembly to remove heat 
from the integrated circuits. In the speci?c embodiment, the 
heat sinks 120 and 122 are illustrated to be ?n type heat 
sinks. In other embodiments, it Would be possible for post 
type heat sinks to be used, a circular ?n heat sink or even a 
simple rectangular thermal mass heat sink capable of remov 
ing heat could be used as Well. 

The clip 110 provides a compressive force betWeen the 
heat sinks 122 and the underlying integrated circuits 
124—130. This force is accomplished by the elastic or spring 
properties of the clip material and through its shape relative 
to the shape of the multi-chip assembly. In one embodiment, 
clip 110 is fabricated from stainless steel. Other materials, 
such as plastics and other metals, may be used. Also, edge 
clamps 112 form an angle slightly more than 180° (as 
vieWed form above the clip) With alignment rails 114. This 
angle creates a space slightly smaller than the height of the 
heat sink and integrated circuits. One skilled in the art, in 
conjunction With the instant application, can modify the 
shape and materials of clip 110 to suit a Wide variety of 
multi-chip assembly dimensions. 
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The speci?c embodiment of the clip 110 illustrates align 
ment rails 114 Which Would be machined to ?t Within the 
speci?c grooves of heat sinks 120 and 122. These alignment 
rails provide alignment of the heat sinks 120, 122 to the 
integrated circuits 124—130 and to assembly substrate 140 
through the connection of the heat sinks to the edge clamp 
notches 144. These alignment rails prevent movement of 
heat sinks 120, 122 in a direction orthogonal to the length of 
the alignment rails. In addition, alignment features 116 are 
also illustrated on the clip 110. In one embodiment, the 
alignment features 116 constitute punch-through notches. 
Alignment features 116 prevent movement of heat sinks 
120, 122 in a direction parallel to the length of the alignment 
rails. It should be understood that many additional types of 
alignment features are possible. FIG. 3 depicts a second type 
of alignment feature. 

FIG. 2 illustrates the collapsed vieW of the multi-chip 
assembly 100 illustrated in FIG. 1. Here, clip 110 is attached 
via edge clamps 112 to assembly substrate 140. As described 
above, the shape and material of clip 110 generates a 
compressive force betWeen heat sinks 120, 122 and inte 
grated circuits 124—130. Edge clamp notches 142 prevent 
clip 100 from moving relative to assembly substrate 140. 
Furthermore, alignment rails 114 and alignment features 116 
prevent heat sinks 120, 122 from moving relative to inte 
grated circuits 124—130. Although securely assembled, 
multi-chip assembly 100 can be easily disassembled for 
service or inspection. As described above, there is no 
permanent bonding of clip 110 to integrated circuits 
124—130. 

FIG. 3 illustrates a second embodiment of a clip 310. Clip 
310 contains another alignment feature and tWo aides to 
manufacturing. As in FIG. 1, an edge clamp 312 connects 
clamp 310 to an assembly substrate. Apair of alignment rails 
314 are connected to edge clamp 312 and to another sym 
metrical edge clamp (not shoWn). Here, hoWever, movement 
of heat sinks 120, 122 along the length of alignment rails 314 
is prevented by an alignment edge 316. The junction of (1) 
the end of alignment rails 314 and (2) edge clamp 312 forms 
alignment edge 316. 

Clip 310 illustrates a pre-assembly fastener 318. Pre 
assembly faster 318 is an “L” shaped extension of alignment 
edge 316. Pre-assembly fastener 318 eXtends doWnWards 
out of the plane formed by alignment rails 314. The length 
of pre-assembly fastener 318 places its base at a position 
beloW alignment rails 314 such that the base engages the 
bottom of a heat sink in a compressive manner When the heat 
sink is mounted ?ush against the rails. Pre-assembly fastener 
318 alloWs a manufacturer to attach heat sinks 120, 122 to 
clip 110 prior to the clip being mounted onto the assembly 
substrate 140. This pre-assembly improves manufacturabil 
ity of the multi-chip assembly 100. Also, the open end of 
edge clamp 312 ?ares aWay from the body of the clamp. This 
?are alloWs clip 310 to be more easily attached and removed 
from assembly substrate 140. 

FIG. 4 illustrates yet another embodiment of the present 
invention, Where the edge clamps 412 is a monolithic clamp, 
as opposed to the dual clamps 112 illustrates in FIG. 1. In 
this embodiment, the assembly substrate, not shoWn, Would 
have an edge clamp notch that Was also monolithic such that 
it Would receive the monolithic edge clamp 412. In addition, 
clip 410 no longer has the alignment features 116, but 
instead has alignment features 416 Which represent align 
ment edges. In other Words, the opening formed by the 
alignment rails 414 Would be machined to receive one of the 
?ns of the heat sinks (noW shoWn) such that it Was posi 
tioned in a ?Xed manner relative to the underline assembly 
module and integrated circuits. 
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FIG. 5 illustrates a How diagram of a method of reWorking 

the multi-chip assembly depicted in FIGS. 1 and 2. 
Speci?cally, the multi-chip assembly such as discussed With 
reference to FIG. 1, is assembled at step 504. At step 506, a 
testing procedure is applied to a multi-chip assembly. At step 
508, a determination is made Whether or not the testing 
procedure of step 506 resulted in a failure being detected. If 
no failure has been detected, the How proceeds to step 516 
and stop. HoWever, if a failure is detected at step 508 the 
How proceeds to step 510. At step 510, a disassembly occurs. 
During the dis-assembly step 510, the clip 110 is removed 
from the underline substrate 144, the heat sinks 120, 122 are 
removed. With the heat sinks 120, 122 removed the lot 
numbers or other identifying information can be readily 
obtained from the devices 124—130. At step 512, the failed 
integrated circuit, for eXample device 128, can be removed 
and replaced. This reWork procedure is cost effective in that 
individual devices can be replaced and lot information 
identi?ed to alloW tracking of errors. Subsequent to the 
reWork step 512, re-assembly occurs at step 514. Subse 
quently steps 506 through 514 can be repeated. 

It should be understood that in other embodiments, the 
assembly rails could be modi?ed so that a force is applied to 
different portions of the heat sink. For instance, the clamp 
could couple to the top of one or more heat sink ?ns. In 
addition, other alignment mechanisms can be used to restrict 
movement of the attached heat sink. 
The multi-chip assembly illustrated has several advan 

tages over the prior art. First, by attaching the clamp 110 to 
the edge of the underlying assembly substrate 140, the 
substrate real estate dedicated to the clamp is minimiZed. 
The present invention also minimiZes the effect of varying 
thermal coefficients of expansion betWeen the assembly 
substrate 140, the heat sinks 122, 120, and the clip 110. This 
minimiZation results in increased reliability of the multi-chip 
assembly. The use of thermal medium and removable clamp 
alloWs a multi-chip assembly to be easily disassembled and 
reWorked if necessary. Further, a single heat sink can be used 
to contact multiple dies and Without the use of a special 
device socket, thereby reducing costs. Another advantage of 
using a single heat sink is its greater thermal mass. A larger 
thermal mass dissipates a greater amount of heat from the 
integrated circuits to Which it is attached. This is particularly 
advantageous if one of the tWo die sharing a common heat 
sink dissipates more heat than the other. In this situation, the 
increased thermal mass of the larger heat sink Will be 
bene?cial to the overall system because the die Which is 
dissipating more heat Will be able to do so more ef?ciently. 
What is claimed is: 
1. A multi-chip assembly comprising: 
an assembly substrate; 
a plurality of integrated circuits mounted on the assembly 

substrate; 
a heat sink disposed on the plurality of integrated circuits; 

and 
a clip for clamping the heat sink to the plurality of 

integrated circuits, the clip including 
at least one edge clamp for coupling to the assembly 

substrate; and 
at least one alignment feature for limiting movement of 

the heat sink in a ?rst direction, the ?rst direction 
being toWard the at least one edge clamp, Wherein 
the alignment feature is different than the at least one 
edge clamp. 

2. The multi-chip assembly of claim 1 Wherein the at least 
one edge clamp is for engaging an edge of the assembly 
substrate. 
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3. The multi-chip assembly of claim 1 wherein the clip 
further comprises at least one alignment feature for limiting 
movement of the heat sink in a second direction. 

4. The multi-chip assembly of claim 3 Wherein the clip 
further comprises at least one pre-assembly fastener for 
attaching the heat sink to the clip. 

5. The multi-chip assembly of claim 4 further comprising 
a medium disposed betWeen the heat sink and the plurality 
of integrated circuits, the medium selected from the set 
consisting of thermal grease and thermal tape. 

6. The multi-chip assembly of claim 1 Wherein the clip 
further comprises at least one alignment feature for limiting 
movement of the heat sink in a second direction. 

7. The multi-chip assembly of claim 6 Wherein the clip 
further comprises at least one pre-assembly fastener for 
attaching the heat sink to the clip. 

8. The multi-chip assembly of claim 7 further comprising 
a medium disposed betWeen the heat sink and the plurality 
of integrated circuits, the medium selected from the set 
consisting of thermal grease and thermal tape. 

9. The multi-chip assembly of claim 1 Wherein the clip 
further comprises at least one pre-assembly fastener for 
attaching the heat sink to the clip. 

10. The multi-chip assembly of claim 9 further compris 
ing a medium disposed betWeen the heat sink and the 
plurality of integrated circuits, the medium selected from the 
set consisting of thermal grease and thermal tape. 

11. The multi-chip assembly of claim 1 further comprising 
a medium disposed betWeen the heat sink and the plurality 
of integrated circuits, the medium selected from the set 
consisting of thermal grease and thermal tape. 

12. The multi-chip assembly of claim 1 Wherein the clip 
further comprises: 

a ?rst edge clamp for engaging a ?rst edge of the 
assembly substrate; 

a ?rst pair of alignment rails, the alignment rails of the 
?rst pair disposed generally parallel to each other, a ?rst 
end of each of the ?rst pair of alignment rails attached 
to the ?rst edge clamp; 
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a second pair of alignment rails, the alignment rails of the 

second pair disposed generally parallel to each other, a 
?rst end of each of the second pair of alignment rails 
attached to the ?rst edge clamp; 

a second edge clamp for engaging a second edge of the 
assembly substrate rails, a second end of each of the 
?rst and second pair of alignment rails attached to the 
second edge clamp. 

13. A multi-chip assembly comprising: 
an assembly substrate; 
a ?rst integrated circuit mounted on the assembly sub 

strate; 
a ?rst heat sink disposed on the ?rst integrated circuit; 

a second integrated circuit mounted on the assembly 

substrate; 
a second heat sink disposed on the second integrated 

circuit; and 
a clip coupled to the ?rst heat sink and to the second heat 

sink for clamping the ?rst heat sink to the ?rst inte 
grated circuit and for clamping the second heat sink to 
the second integrated circuit, Wherein the clip includes 
at least one pre-assembly fastener for attaching at least 
the ?rst heat sink to the clip. 

14. A multi-chip assembly comprising: 
an assembly substrate; 
a plurality of integrated circuits mounted on the assembly 

substrate; 
a heat sink disposed on the plurality of integrated circuits; 

and 

a clip clamped to the heat sink for clamping the heat sink 
to the plurality of integrated circuit Wherein the clip 
includes at least one preassembly fastener for attaching 
the heat sink to the clip. 

* * * * * 


